We have discovered a new phenomenon in the scattering of light by a condensate: highly directional, "superradiant" scattering of light and atoms [1]. This phenomenon is deeply rooted in the long coherence time of a condensate. When a condensate has scattered light, an imprint is left in the form of long-lived excitations. This "memory" accelerates the scattering of further photons into the same directions. It provides a gain mechanism for the generation of directed beams of atoms and light.
This phenomenon is fairly dramatic. When a condensate was illuminated with a single weak laser beam, it randomly scattered light into all directions (with the well-known dipolar pattern -this is ordinary Rayleigh scattering). However, above a certain threshold intensity, the condensate produced two highly directional beams of light. Such highly directional light scattering was accompanied by the production of highly directional beams of recoiling atoms (see figure) . These beams of atoms were shown to build up by matter wave amplification. The condensate acted as an amplifier for a recoiling atom and "amplified" it to about a million atoms. If one had collected the light in an optical cavity, one would have realized an optical laser. Therefore, the simultaneous superradiant emission of light and atoms emphasizes the symmetry between atom lasers and optical lasers.
